Cynara scolymus is a plant used both as food as well as medicinal plant worldwide.
suggested that artichoke leaf extract ameliorates the immunosuppressive injury stimulated by cadmium in rats. On the other hand, anecdotal evidence reported a possible immune system disorder caused by artichoke extract (European Medicines Agency, 2011) . Additionally, in two in vitro studies conducted by Dong, Chuang, Forrest, Lin, and Chen (2006) and Dong et al. (2009) , employing a method called "after flowing through immobilized receptor," the authors verified that cynarin has potential as an immune-suppressive agent.
Thus, the purpose of the present study was to investigate the potential immune effects of the C. scolymus leaf extract on different pathways of the immune response in rats, employing protocols suggested by regulatory agencies (Organization for Economic Co-operation and Development).
| MATERIALS AND METHODS
This study was conducted at the University of São Paulo (USP). The procedures were approved by the USP Animal Ethics Committee (protocol number 2160 /2011 , 27 May 2011 , and all animal care and handling were performed by experienced personnel under veterinary supervision.
To avoid bias, all the experiments were performed blind with respect to the treatments. After the randomized allocation of animals to the treatments (Zolman, 1993) , animals, samples, and treatments
were coded until the data analyze.
| Plant material
The dried extract of C. scolymus here employed is a raw material for the production of over-the-counter phytotherapy commercialized in Brazil. This material was obtained from the leaves of the plant; quality control certification was provided by "Santosflora: Herbs, Spices and Dry Extracts, Ltd." (Tatuape, Sao Paulo, Brazil) . According to the manufacturer's specifications, the dry extract was free of pathogenic bacteria, and cynarin was present at minimum levels of 0.5%.
Distilled water was added and mixed with the dried extract to achieve the final concentrations of 100, 200, and 400 mg/mL of C. scolymus.
| Animals, feeding, and housing
Sixty males and 60 females adult Wistar Hanover rats (60 days of age) were obtained from our Department of Pathology, School of Veterinary Medicine and Animal Science, University of São Paulo.
All rats were housed separately in polycarbonate cages measuring 40 × 50 × 20 cm, and the cage bottoms were lined with sterilized wood shavings under controlled conditions of temperature (22-25°C), relative humidity (50-65%), and lighting (12/12-hr light/ dark cycle). The animals were provided with commercial rodent food (Nuvilab Nuvital-CR1®) and fresh water ad libitum. Cages were checked daily over the entire experimental period for observation of stool consistency, food waste, and mortality.
2.3 | Experimental Design 1: Lymphoid organs and cellularities, haemogram, serum biochemistry evaluation, and neutrophil and macrophage activities Twenty male and 20 female rats were randomly divided into four groups with five animals each by sex. Rats from the experimental groups were treated once daily with 1.0-, 2.0-, or 4.0-g/kg body weight of C. scolymus by gavage for 28 consecutive days. Body weight gain and food consumption were evaluated every other day. On Day 29, all rats were deeply anesthetized with xylazine and ketamine (5.0 and 50 mg/kg of body weight, respectively) for blood collection by cardiac puncture. After euthanasia by cervical dislocation, the peritoneal cavity was washed with 10 mL of ice-cold phosphate buffered saline (PBS) for macrophage collection. After that, peritoneal and thoracic cavities were opened, and lymphoid organs (thymus and spleen)
were removed for organ and cellularity analysis. Tissue samples of liver, mesenteric lymph nodes, adrenal glands, and kidney were also collected from three animals/group and fixed in 10% formalin, routinely embedded in paraffin, cut into 5-μm thick sections and stained with hematoxylin and eosin for histopathology.
Blood collection was performed with and without ethylenediamine tetraacetic acid (EDTA) for the evaluation of hematological and serum biochemical analyses, respectively. The hematological parameters were assessed using automatic Horiba® ABX equipment; differential white blood cell analyses were performed manually. Serum biochemistry was analyzed using a Celm-SBA200-biochemistry analyzer with the corresponding reagents. The measured markers were albumin; total protein; alkaline phosphatase; alanine transaminase; aspartate transaminase; γ-glutamyl transpeptidase; glucose; cholesterol; triglycerides; high-density lipoproteins; and total, direct, and indirect bilirubin, urea, and creatinine.
One hundred microliters from the EDTA blood sample was collected, and 100 μL of peritoneal cell solution was directly used to perform neutrophil granulocyte and macrophage analyses, including phagocytic activity and the oxidative burst of these cells. The method was adopted from Hasui, Hirabayashi, and Kobayashi (1989 The serum was collected, and the anti-SRBC antibody titer was estimated as follows: 25 μL of two-fold diluted serum in normal saline was challenged with 25-μL 1% (v/v) SRBC suspension in a microtiter plate. The plate was incubated at 37°C for 1 hr and then checked for hemagglutination, and the highest dilution causing hemagglutination was taken as the antibody titer. Antibody titers were expressed in a graded manner, with the minimum dilution (i.e., 1/2) being ranked as "1" against which the mean ranks of the different groups were compared.
| Experimental Design 3: Cellular immune response-The delayed-type hypersensitivity
Twenty male and 20 female rats were randomly divided into four groups with five animals each by sex. Rats from the experimental groups were treated once daily with 1.0-, 2.0-, or 4.0-g/kg body weight of C. scolymus by gavage for 28 consecutive days. All animals were sensitized with keyhole limpet hemocyanin (KLH; Merck) as described by Exon, Bussiere, and Mather (1990) . Briefly, KLH (5 mg/ mL) was injected into the caudal tail fold in a 200-μL volume of sterile water on experimental Day 21. At the end of the experimental period (Day 28), all the rats were challenged with heat-aggregated KLH (80°C for 1 hr) in 0.1 mL of saline (20 mg/mL). The challenge antigen was injected into one footpad, whereas the other footpad received sterile saline. Tumors were measured 24 hr later with a micrometer and calculated by subtracting the thickness of the saline-injected left footpad from that of the KLH-injected right footpad. Swelling was then plotted as the difference between the measurements.
| Statistical analyses
The data were analyzed using GraphPad Prism 5.00® software (GraphPad Software, Inc., San Diego, CA) by one-way analysis of variance followed by Dunnett's test for multiple comparisons. Nonparametric data from three or more groups were compared by the Kruskal-Wallis test followed by Dunn's test. Data are expressed as the means ± standard deviation of the mean, and differences were considered statistically significant at p < 0.05.
3 | RESULTS
| Experimental Design 1
During all the experimental period, no leftover food or gnawed feed was found in the cages of any of the animals. None of the rats showed signs of toxicity, such as soft feces, depression, or any clinical signs of morbidity. When food consumption and body weight gain were analyzed, no significant differences in either parameter were noticed every other day or on the total body weight gain and the total food intake at the end of the experimental period (data not shown).
The statistical analysis did not reveal significant differences among the hematological parameters among the groups treated with the different doses of C. scolymus extract per sex (data not shown).
In the same manner, no differences among the groups of animals were observed in the differential blood cell counts (Table 1) .
In relation to the serum biochemistry, C. scolymus treatment did not promote any significant differences among the rats from different groups in any of the parameters evaluated.
In relation to the lymphoid organ relative weights of animals treated with the plant extract, males treated with the high dose exhibited an enhanced spleen relative weight when compared with male ♂ 7.9 ± 1.4 7.8 ± 1.2 7.9 ± 1.4 7.8 ± 1.4 ♀ 6.8 ± 1.7 6.8 ± 0.7 6.9 ± 0.6 6.9 ± 0.5 Neutrophils (%) ♂ 14.3 ± 2.4 12.6 ± 2.1 12.8 ± 4.6 13.4 ± 7.3 ♀ 14.8 ± 1.7 12.8 ± 3.3 15.8 ± 4.3 13.6 ± 2.9
Lymphocytes (%) ♂ 79.1 ± 5.4 81.2 ± 3.7 79.2 ± 6.9 79.7 ± 6.1 ♀ 80.0 ± 3.0 81.8 ± 4.3 79.6 ± 3.8 80.8 ± 2.8
Monocytes (%) ♂ 5.7 ± 3.4 6.6 ± 2.9 5.5 ± 1.7 6.2 ± 2.2 ♀ 5.2 ± 1.8 4.8 ± 2.2 4.9 ± 0.8 4.9 ± 1.5
Eosinophils ( rats from the other groups (p < 0.05; Figure 1a ). However, no significant differences were observed in the thymus relative weight among the groups of male and female animals (Figure 1c,d ).
However, when the lymphoid organ's cellularity was evaluated, not only did the group of males treated with the higher dose show a statistically enhanced number of splenocytes by gram of spleen, but also those rats treated with 2.0 g/kg of C. scolymus extract did, when compared with male rats from the control group. On the other hand, no significant differences among females from different groups were observed on spleen counts (Table 2) . Additionally, no significant differences in the number of thymocytes were observed among the groups of rats from both sexes when comparing the data from different groups (data not shown). Blood neutrophil inflammatory activity did not show any significant differences among the groups per sex of rats (data not shown).
When considering the peritoneal macrophage inflammatory activity, it was observed that treatment did not affect phagocytosis activity.
However, a reduction in the oxidative burst induced by phagocytosis was noticed in all groups of males treated with the plant, whereas only macrophages from females treated with 2.0 and 4.0 g/kg of C. scolymus revealed a statistically diminished production of oxidative properties when compared with the control group. Conversely, males that received 2.0-and 4.0-g/kg treatment revealed an enhanced basal oxidative burst when compared with the basal values of macrophages from untreated males (p < 0.001), whereas females did not show any significant differences among groups (Table 4 ).
In the histopathological evaluation of the different tissues collected, including lymphoid, no noteworthy changes were observed in the characteristic morphology of each sample.
| Experimental Designs 2 and 3
Considering anti-SRBC antibody titer measurement, no significant differences were observed between the control group and treated animals with the plant extract. Conversely, when the delayed-type hypersensitivity (DTH) was evaluated, it was possible to notice that both male and female rats from groups treated with the higher dose of C. scolymus extract revealed reduced footpad edema when compared with control groups (Figure 2 ).
| DISCUSSION
The therapeutic dose used in this study was suggested by the manufacturer of the phytotherapeutic raw material (2.0 g/kg of C. scolymus extract); a two times smaller dose (1.0 g/kg) and a two times larger dose (4.0 g/kg) of the plant extract were also tested. The higher dose was used to better investigate the possibility of toxic effects of C. scolymus, because reports of in vivo toxicity of the use of the plant in natura or its various types of extract were not found in the literature. Thus, following the indication of the manufacturer and considering the amount of at least 0.5% of cynarin, the daily doses of this hydroxycinnamic acid administered to the rats were approximately 5, 10, and 20 mg/kg, corresponding to the administration of 1.0, 2.0, and 4.0 g/kg, respectively, of C. scolymus extract.
Body weight is one of the parameters that is most commonly used for toxicological studies to indicate the overall toxic effect in the body (Lewis et al., 2002) . The results obtained here show that the doses used were safe for the animals. Corroborating this assumption are the data from biochemical and hematological parameters that clearly did not show differences among control and experimental groups.
The thymus plays a major role in the development and maintenance of the immune system, which can be susceptible to a wide variety of harmful stimuli, such as nutritional deficiencies, stress, hormones, medicines, and toxicants (Raviola, 1986) . The doses here employed did not promote any disturbances in this lymphoid organ, because no differences in its relative weight and cellularity were observed.
On the other hand, when the relative weight of the spleen of males was evaluated, a statistically significant increase was observed. It is worth mentioning that this increase is due to a greater cellularity of white cells, because the splenocyte counting technique destroys the red blood cells. However, observing the data referring to the splenocytes of all the males treated, there was an increase in the cellularity of this organ in a dose-dependent manner. It is known that the causes of spleen enlargement can be related to infections with enlargement of germinal centers, extramedular myeloproliferative disorders, cancer, hypertrophy by eryptosis, and congestion resulting from liver alterations, such as cirrhosis and liver fibrosis (Nüßlein, Huppertz, Massenkeil, & Mengel, 2009 ). Nevertheless, the histopathology of the spleen and liver did not reveal any morphological alterations that corroborated these possibilities. In addition, the hematology revealed no differences in leucocytes and red blood cell counts that could reflect infections or eryptosis.
Considering the cell phenotype of the lymphoid organs, no statistically significant differences among the thymocyte populations were observed among the groups of animals; however, due to the changes observed in the spleen cellularity of the males treated with the plant extract, it was supposed that alterations would be observed in the lymphocyte populations of this organ. In fact, an increase in theT helper cell population of males treated with 2.0 and 4.0 g/kg of the extract was observed; nevertheless, in our view, this phenotypic increase could not be considered an immunomodulatory effect of the plant, because the CD4:CD8 ratio in the different groups of animals was on average within the 2:1 that is considered as within normality (Lu et al., 2015) .
Macrophages are antigen-presenting cells (APCs) with a high index of phagocytosis and the ability to destroy the antigen. Part of the mechanism employed to destroy engulfed antigenic particles depends on the generation of the superoxide anion, hydrogen peroxide, and hydroxyl radical, known as reactive oxygen species (ROS), in a metabolic process known as the respiratory burst (Nathan & Tsunawaki, 1984) . The main stimulus for the synthesis of the superoxide anion is the phagocytosis of antigens that will induce the assemble of a multisubunit Nicotinamide Adenine Dinucleotide Phosphate knowledge about the exact mechanism by which the active principles of C. scolymus act, it is not possible at this moment to raise any hypothesis about this immunomodulatory effect related to the gender (male). In addition, considering that circulating neutrophils are well known to be more suitable for the production of oxygen species than macrophages (Iles & Forman, 2002) , it is also not possible to suggest at this point any conjecture of why an increase in ROS production was not observed in neutrophilic cells in those male rats treated with the plant.
It is important to emphasize that the experiments discussed so far in this study referred to animals that were not immunologically challenged. Therefore, in the next experiment, rats were challenged to verify whether the humoral and the DTH responses were affected. The data from humoral immune response revealed that C. scolymus was unable to promote any change in specific antibody titers among the groups of animals.
On the other hand, when the DTH assay was performed, it was observed that both males and females treated with the highest dose of the extract had a lower tumor development generated by the challenge with keyhole-limped haemocyanin (KLH) protein. DTH develops when antigen-presenting cells (APC) present antigens coupled to the type II histocompatibility major molecule (MHC-II) to naïve T helper lymphocytes, which activate and differentiate into Th1 cells and begin to secrete cytokines that will promote the migration of mononuclear cells to the challenge site with the formation of a tumor, which in the chronicity of the process generates the granuloma (Kaufmann, 1995) . At the molecular level, the interaction between APC and T helper lymphocytes occurs in a more complex way, with the binding between MHC-II and the T cell receptor and costimulatory molecules, CD28 on lymphocyte surface and B7 (CD40 and CD86) of the APCs, whose function is to promote the adequate antigenic presentation and activation and differentiation of naïve T lymphocyte in Th1 cells.
Interruption of this costimulation pathway with CD28 antagonists not only results in the suppression of the immune response, but also, in some cases, induces antigen-specific tolerance or anergy (Greenfield, Nguyen, & Kuchroo, 1995) .
In a study performed by Dong et al. (2006 Dong et al. ( , 2009 , a new method for screening compounds with pharmacological properties of herbal extracts was proposed. In this method, by analogy, specific receptors are immobilized in a stationary phase, on which the plant extract is the mobile phase of the system, capturing molecules with affinity to the immobilized receptor. In these studies, the authors verified that cynarin has an antagonist property on CD28. Thus, combining the results obtained here with those of Dong's study, it is possible to conclude that the immunomodulatory activity observed here is due to the antagonistic action of cynarin on the induction of the immune response.
| CONCLUSION
In conclusion, this study is the first in the literature that revealed an immunosuppressive effect of C. scolymus, characterizing this phytoterapic as a promising immunomodulator. In addition, we verified that the doses of artichoke extract here employed did not cause general toxicity.
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